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2.1.5 Ambient Air Systems 
Ambient air systems work by blowing air between the protective outer garments and the inner 
layers of clothing, increasing both convective and evaporative cooling.  They typically use a 
battery-powered blower to circulate air through an air-distribution garment.  Systems are 
available that weigh less than 6 pounds.  Air systems work well because air cooling fosters 
evaporation, which is the body’s primary method of heat dissipation.  Product literature states 
that ambient air systems work best when the subject is sweating.  Manikin studies, which are 
adjusted to keep the skin surface 100 percent saturated, show a high rate of cooling for ambient 
air systems.  However, human subjects would have difficulty sustaining such a high rate of 
sweating for an extended period of time and may not show the same results.  Ambient air 
systems are more effective when used in lower relative humidity environments.  Cooled-air 
systems, which commonly use an air-coil immersion in an ice reservoir or a vortex tube, are not 
useful for first responders since they require the user to be tethered to the source of the air.  They 
are, at times, used in conjunction with portable devices during breaks for first responders.  
Studies show that ambient air systems improve physiological responses of test subjects but to a 
lesser degree than other systems.  They did improve subject’s perceived comfort, perhaps 
because of their low weight and dryness.6 

2.2 Applications 
PCSs are used by first responders, including firefighters, police officers, hazardous-materials 
workers, and explosive ordinance disposal personnel when they are exposed to elevated 
temperatures.  The leading cause of death for firefighters has been linked to cardiac events due to 
their performance of strenuous activities in high-temperature environments while wearing heavy 
equipment.7  PCSs are also used by soldiers deployed in hot environments to lessen the 
likelihood of heat stress-related illnesses.  Interestingly, people suffering from multiple sclerosis, 
whose symptoms are aggravated by increased body temperature, use PCSs to help keep cool, 
allowing them to live more normally even during the hot summer months or when exercising.   

2.3 Standards/Regulations 
ASTM International F2371-10e1, Standard Test Method for Measuring the Heat Removal Rate 
of Personal Cooling Systems Using a Sweating Heated Manikin, can be used to more objectively 
quantify and compare the cooling provided by different PCSs.  A sweating thermal manikin 
system accurately simulates evaporative cooling, which is the dominant mode of heat transfer 
used by humans.  The manikin has 20 computer controlled, independently heated thermal zones, 
containing embedded heaters and thermistors.  A baseline test is first run to establish the heat 
loss from the manikin without a PCS.  The computer collects temperature data from each zone 
and adjusts the power to the heaters to maintain the desired manikin temperatures.  The power 
provided to the heaters is equivalent to the heat loss from the manikin.  The test is repeated with 
a manikin that has been fitted with a PCS, and the manikin’s surface temperature is kept at 95°F.  
The cooling rate of the PCS is quantified by subtracting the average power during the baseline 
                                                 
6 Elson, John C., McCullough, Elizabeth A., Eckels, Steve, “Evaluation of Personal Cooling Systems for Military 
Use, Kansas State University,” Proceedings of the 15th International Conference of Environmental Ergonomics, 
Queenstown, NZ, February, 2013. 
7 Fahy, Rita F., LeBlanc Paul R., Molis, Joseph L., “Firefighter Fatalities in the United States, 2012,” NFPA 
Journal, July August 2013. 
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